Contamination of preharvest and stored peanuts (Arachis hypogaea L.) by aflatoxigenic strains of Aspergillus flavus is an important economical and food safety problem in many tropical and subtropical areas of the world. The present investigation reports the antifungal activity of a halitoxins/amphitoxins enriched extract obtained from the sponge Amphimedon sp. (HAEEAsp), and of batzelladine L isolated from the sponge Monanchora arbuscula on Aspergillus flavus isolated from stored peanuts. A PCR system directed against the ITS region and aflatoxin biosynthetic pathway genes of A. flavus was applied for identification of aflatoxin producing strains. The HAEEAsp extract and batzelladine L showed minimal inhibitory concentration (MIC) in the range between 1.9 to 15.6 µg/mL and between 1.9 to 7.8 µg/mL, respectively. The minimal fungicide concentration (MFC) of HAEEAsp extract and batzelladine L was in the range between 3.9 to 31.3 µg/mL and 3.9 to 15.6 µg/mL, respectively. These results indicate that these marine alkaloids may be further explored for the development of potential lead compounds active against aflatoxigenic fungi.
Arachis hypogaea L. (peanuts), family Leguminosae, is native to South America and is currently one of the most important economic crops in more than 80 countries of the Americas, Asia and Africa [1] . Peanuts are used in human consumption in the form of sweets, candies and pastes, as well as a raw material for oil production. World production of peanuts is around 38.6 million tons of shelled peanuts and 5.8 million tons of peanut oil [2, 3] . Production and safe use of this crop is hampered by the contamination with toxic metabolites such as aflatoxins produced by certain molds of the genus Aspergillus. Aflatoxins are potently toxic, carcinogenic, mutagenic, immunosuppressive and teratogenic fungal metabolites [4, 5] . Stored peanuts are well known for their risk of contamination by A. flavus, one of the main agriculturally harmful fungal species producing aflatoxins [6, 7] . The lack of proper control poses aflatoxicosis as an important health risk which affects about 4.5 billion people in developing countries [8] . Due to the importance of nuts in the world food chain, FAO and WHO have imposed regulatory guidelines of 20 ppb of total aflatoxins as the maximum allowable limit in food or feed substrates [9] . However, the increase of resistance to synthetic antifungal agents by Aspergillus spp is an obstacle to achieving this goal and has stimulated the search for new antifungal agents to control disease and food contamination [10] . Such antifungals are important for the control of aflatoxin content in the production, harvest, storage, and processing of peanuts and other nuts [11] . Since marine natural products are wellknown as potently active metabolites, very often displaying antibacterial, anticoagulant, antifungal, antimalarial, antiprotozoal, antituberculosis and antiviral activities [12] , screening extracts and pure compounds from marine organisms is considered an attractive strategy for the discovery of new bioactive agents, or new activities for already known marine metabolites [13] . In the present investigation we report the antifungal activity of the HAEEAsp extract and batzelladine L, obtained from marine sponges collected at different locations. The antifungal activity was evaluated against strains of A. flavus isolated from stored peanuts, which were also identified by molecular analysis as producers of aflatoxins.
The antifungal activity of twenty-one crude extracts obtained from marine sponges was tested against aflatoxin-producing strains of A. flavus (data not shown). Batzelladine L (Figure 1 ), isolated from Monanchora arbuscula, and the extract of the sponge Amphimedon sp., which was shown to be enriched in halitoxins and amphitoxins ( Figure 1 ) [14] , showed antifungal activity. The extract of Amphimedon sp. (hereafter designed as HAEEAsp extract) showed a MIC between 1.9 to 15.6 µg/mL, and batzelladine L between 1.9 to 7.8 µg/mL for all the tested strains (Table 1) . Fungistatic activity was observed for both HAEEAsp extract and batzelladine L. Minimal fungistatic concentration (MFC) measured for both samples was higher that observed for their MIC. The isolated A. flavus strains AF6 and AF7 showed resistance to cercobin, an antifungal agent used in agriculture for a wide range of plant fungal diseases. Cercobin MIC concentrations against these strains were 15 and > 250 µg/mL, respectively. On the other hand, the MIC concentrations of HAEEAsp extract and batzelladine L for Aspergillus sp. AF6 strain were 7.8 and 3.9 µg/mL respectively, while for Aspergillus sp. AF7 strain it was 3.9 µg/mL for both marine products. The results indicate that HAEEAsp extract and batzelladine L were effective antifungals against AF6 and AF7, which are strains of A. flavus resistant to cercobin. Batzelladine L was more effective than cercobin (CIM = 7.8 µg/mL) against the A. flavus control aflatoxin producer strain. Moreover, batzelladine L (MIC = 1.9 µg/mL) was also a more effective antifungal agent than HAEEAsp extract (MIC = 3.9 µg/mL) and cercobin (MIC = 3.9 µg/mL) against the A. flavus ATCC strain. The MIC values observed for both HAEEAsp extract and batzelladine L were lower than values described for extracts and a metabolite isolated from the marine sponge Haliclona exigua, which showed MIC values varying between 7.8 and 31.2 μg/mL against various fungal species, including A. fumigatus [15] . Araguspongin C isolated from H. exigua displayed antifungal activity against various fungal species with a MIC value of 50 μg/mL. Batzelladine L isolated from Monanchora arbuscula showed a remarkable antifungal activity against A. flavus strains, with MICs between 3.9 μg/mL and 15.62 μg/ mL.
Sponges of the order Haplosclerida, to which Amphimedon spp. belong, are well-known sources of bioactive natural products, in particular alkylpyridine and alkylpiperidine alkaloids [16] .
Halitoxins and amphitoxins are cyclic alkylpyridine oligomers of challenging characterization due to their polycharged structure and high molecular weight [14, [17] [18] [19] [20] . Halitoxins and amphitoxins exert a multitude of biological actions, including potent antibiotic activity [21, 22] . Iis not surprising that HAEEAsp extract from Amphimedon sp. displays potent antifungal activity against A. flavus isolates. Analysis of HAEEAsp extract by 1 H NMR showed the presence of hydrogen signals typically assigned to halitoxin and amphitoxin alkylpyridinium salts [14, [18] [19] [20] .
Therefore, there is strong evidence that the antifungal activity observed for HAEEAsp extract is due to the presence of such compounds. Batzelladine L belongs to the class of guanidine alkaloids typically isolated from Poescilosclerida sponges of the genera Monanchora, Crambe, and Batzella, among others [23] . Quite curiously, in a previous investigation, batzelladine L displayed potent antibiotic activity against Candida albicans, C. neoformans, Staphylococcus aureus, methicillin-resistant S. aureus, Pseudomonas aeruginosa, and Mycobacterium intracellulare, but was completely inactive against Aspergillus fumigatus [24] . Considering that both alkylpyridinium oligomer salts and guanidine alkaloids are accessible via total synthesis [25, 26] , obtaining simpler analogues of these two classes of marine alkaloids would be useful to further investigate their antifungal profile against toxigenic Aspergillus flavus, aiming to develop new antifungals for food protection. (Figure 1 ) was established by 1 H and 13 C NMR, as well as by ESIMS analyses, and comparison with literature data [23] .
Experimental

Biological material:
Isolation and identification of aflatoxinogenic A. flavus:
Fifty samples of peanuts purchased from the retail trade at Ribeirão Preto city, Brazil, from June to July 2012, were used for the isolation of A. flavus strains following the procedure described by Shapira et al. [27] . Briefly, peanuts kernels were washed with sterile distilled water and directly seeded onto Petri dishes containing Czapeck culture media, at 35ºC during 7 days. Isolated fungal colonies were picked out and re-streaked in the same media to obtain pure Antifungal metabolites from marine sponges Natural Product Communications Vol. 9 (1) 2014 35
cultures. Plugs from the culture media with the isolated strains were stocked in sterile water at room temperature. PCR using primers directed against the ITS region and aflatoxin biosynthetic pathway genes of A. flavus were analyzed in order to confirm the identity of the isolated colonies and for the identification of aflatoxin producing strains [27, 28] . Aflatoxin producing (CCT 7836) and non-producing (ATCC9643) A. flavus strains were purchased from Fundação André Tosello, Campinas, Brazil, and used as controls in the assays. These strains were kept in Sabouraud media at 35ºC.
Antifungal activity
Minimum inhibitory concentration (MIC):
Susceptibility of the A. flavus strains was tested by measuring the minimum inhibitory concentration (MIC) at different concentrations (250 to 1.9 µg/mL) of the isolated natural products using the M38-A microdilution procedure established by the Clinical and Laboratory Standards Institute [29] . A conidial stock solution was prepared for each strain after growth in Sabouraud media at 35°C for 5-7 days. Conidial solutions with 70-72% of transmittance and diluted 50 times were dispensed into the wells of microtiter trays and incubated at 35°C for 7 days. The assays were carried out in 3 independent experiments performed in triplicate. Negative controls for growth and sterility tests were included for each assay and strain, as well as negative controls for each solvent used. MICs were defined as the lowest concentration of the natural samples resulting in total inhibition of strains. Cercobin 70%, dissolved in 10% DMSO, was used as positive control ranging from 250 to 0.9 µg/mL.
Minimum fungicidal concentration (MFC):
Minimum fungicidal concentration (MFC) of batzelladine L, HAEEAsp extract and the control cercobin were determined from the results of the MIC tests. An aliquot of 50 uL of the respective wells in which the tested concentrations showed inhibition was seeded in duplicate onto the surface of plates containing Sabouraud dextrose agar and incubated with A. flavus at 35ºC for 24 h. MFC was considered as the lowest concentration of a sample which did not allow the development of fungi on the surface of the culture medium after incubation.
